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TRANSESTOR DELAY LINE DRIVER 

The Invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for governmental purposes without 
the payment of any Royalties thereon or therefor. 
Beam forming using linear transducer arrays can be 

accomplished using delay lines with the beam angle 
being determined by the delay between taps on the line. 
In order to prevent undesirable loading of the delay 
line, the output impedance of the drivers should be 
high; in other words, the driver should be a current am 
plifier. 
Certain features in addition to high output imped 

ance are desirable, such as; low noise, low input imped 
ance, stability, simplicity, and low cost. A transistor 
current amplifier meeting these requirements is the 
subject of this application. 

It is therefore an objective of this invention to pro 
vide an improved precision current amplifier having 
first and second input terminals, a resistive element 
coupled across the input terminals, a first transistor 
having a first base first emitter and first collector termi 
nals, the first base terminal connected to the first input 
terminal and the first emitter terminal connected to the 
second input terminal, a second transistor having sec 
ond base, second emitter, and second collector termi 
nals, the second base terminal connected to the first 
collector terminal and the second collector terminal 
connected to the first collector terminal. A third tran 
sistor having third base, third emitter, and third collec 
tor terminals, the third base terminal connected to the 
first collector terminal, a fourth transistor. having 
fourth base, fourth emitter, and fourth collector termi 
nals, the fourth base terminal connected to the third 
emitter terminal, the fourth emitter terminal connected 
to the first base terminal, the fourth collector terminal 
connected to the third collector terminal and first and 
second output terminals, the first terminal connected 
to the second emitter terminal, the first output terminal 
connected to the second emitter terminal and the sec 
ond output terminal connected to the third and fourth 
collector terminals. 

It is yet a further objective of this invention to pro 
vide a stable amplifier with regard to gain and insensi 
tive to component variations. 

It is still a further objective of this invention to pro 
vide a circuit with low input impedance and having a 
high output impedance. 

It is even a further objective of this invention to pro 
vide a low cost circuit providing the desired construc 
tion set forth above. 
Other objects, advantages and novel features of the 

invention will become apparent from the following de 
tailed description of the invention when considered in 
conjunction with the accompanying drawing wherein: 
The single FIGURE is one embodiment of the inven 

tion. 
First and second input terminals 11, 12 are shown 

coupled across a current drawing device 13. In addi 
tion, resistor 14 is connected across terminals 11 and 
12. A first transistor 15 has a first emitter terminal 16, 
a first base terminal 17 and a first collector terminal 18. 
It should be noted that emitter terminal 16 is connected 
to input terminal 12, one end of resistor 14 and a 
ground connect point 19. 
A Field Effect Transistor designated as second tran 

sistor 22 is shown having a second collector terminal 
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23, a second base terminal 24 and a second emitter ter 
minal 25. The collector terminal 23 is connected to 
first collector terminal 18 and coupled back to second 
base terminal 24. The second emitter terminal of tran 
sistor 22 is connected to a first output terminal 30 des 
ignated as B plus. 
A third transistor designated as 31 has a third emitter 

terminal 32, third base terminal 33 and third collector 
terminal 34. The base terminal 33 is connected to col 
lector terminal 18 of transistor 15, collector terminal 
23 of transistor 22 and to base terminal 24 of transistor 
22. The third collector terminal 34 is connected to a 
second output terminal designated as 36, a fourth tran 
sistor 40 has a fourth emitter terminal 41, a fourth base 
terminal 42 and a fourth collector terminal 43. The 
fourth base terminal 42 is connected to the third emit 
ter terminal 32, the fourth collector terminal 43 is con 
nected to the third collector terminal 34 of transistor 
31 and to the output terminal 36. The fourth emitter 
terminal 4 is connected to input terminal 11. A output 
load device 50 would, in the embodiment of the inven 
tion shown, be a delay line 50 coupled across output 
terminals 30, 36. 

In the FIGURE, transistor 15 and Field Effect Tran 
sistor 22 comprise a high gain dc amplifier. Darlington 
connected transistors 31 and 40 provide bias current 
through resistor 14 for transistor 15. The Darlington 
state 31 and 34 also supplies current feedback through 
resistor 14. 
When a current is applied it causes a voltage drop 

across resistor 14 which is amplified by transistor 15. 
The amplified voltage is fed back out of phase through 
transistor 31 and transistor 31 to resistor 14. This re 
duces the voltage drop through resistor 14 due to the 
current by an amount approximately equal to the gain 
of transistor 15. Since the voltage across resistor 14 is 
forced to remain constant, the impedance across resis 
tor 14 is approximately resistor 14 divided by the gain 
of transistor 15. 
The current through transistor 31 and transistor 40 

is equal to current in 13 to within 0.1 percent. I then 
equals 0.999. The output impedance looking into the 
collectors of transistor 31 and transistor 40 is greater 
than 2 meg. ohms with commonly available transistors. 
One of the desirable features of this amplifier is sta 

bility. Stability in this application refers to gain stabil 
ity, or lack of gain variation from amplifier to amplifier, 
and gain stability which is insensitive to component 
variations within tolerances. An objective in the design 
is to achieve stability such that gain variations would 
not exceed 0.1 percent. The circuit shown in the draw 
ing meets this objective. 
Low input impedance is another desirable feature; a 

value of 0.1 ohm or less is the objective. The reason for 
low input impedance is to permit the input to be used 
as a summing junction, which, for the embodiment 
shown would eliminate an operational amplifier. A 
value of 0.02 to 0.05 ohm can be realized with this cir 
cuit. 
An output impedance of 200,000 ohms is desired. 

This value is more than 100 times the delay line imped 
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ance and is high enough that delay line loading will not 
occur. A minimum value for the circuit in the drawing 
using low Beta transistors was 2.5 megohms. Using high 
Beta transistors such as the 2N3391A, the output im 
pedance is greater than 5 megohms. 
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Simplicity and low cost are evident from the sche 
matic diagram. Cost of components is approximately 
$2.00. 
Low noise is one of the most important requirements 

since the use is in low-level input stages. The goal was 
to achieve a noise equal to or less than a 4,000 ohm re 
sistor, which at the operating frequency is -162 dBv in 
a 1-cycle band. A level of -170 dBv is achieved. 
Obviously many modifications and variations of the 

present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 

I claim: 

10 

1. An improved precision current amplifier having 15 
low input impedance and high output impedance capa 
bilities comprising: 
a first and second input terminals; 
b. a resistive element coupled across said input termi 

nals; 
c. a first transistor having first base, emitter, and col 

lector terminals, said first base terminal connected 
to said first input terminal, and said first emitter 
terminal connected to said second input terminal; 

d. a second transistor having second base, emitter, 
and collector terminals, said second base terminal 
connected to said first collector terminal and said 
second collector terminal connected to said first 
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4. 
collector terminal; 

e. a third transistor having a third base, emitter, and, 
collector terminals said third base terminal con 
nected to said first collector terminal; 

f, a fourth transistor having fourth base, emitter, and 
collector terminals, said fourth base terminal con 
nected to said third emitter terminal, said fourth 
emitter terminal connected to said first base termi 
nal, said fourth collector terminal connected to 
said third collector terminal; and 

g. first and second output terminals, said first termi 
nal connected to said second emitter terminal and 
said second output terminal connected to said third 
and fourth collector terminals. 

2. The improved precision current amplifier of claim 
1 wherein said first and second input terminals are con 
nected across a current load device. 

3. The device of claim 2 wherein said second transis 
tor is a field effect transistor. 

4. The device of claim 3 wherein said first, third and 
fourth transistors are high Beta type transistors. 

5. The device of claim 4 wherein said output termi 
nals are connected to a delay line device. 

6. The device of claim 5 wherein said third and fourth 
transistors are connected in a Darlington type configu 
ration. 
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